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1968. Having observed the effect of ADH for a period of 60 min, we replaced the inside bathing solution with ordinary Ringer solution dnd the pattern of recovery was followed for another 60 min Experimental protocols for the effect of substrates on ADH action will be described under RESULTS. For the determination of energy stores, frogs were double pithed and then blood samples were obtained by cardiac puncture, following which the liver, the muscle (m. quadriceps femoris) and the skin were excised. Subsequently, blood glucose (9) and plasma free fatty acid (6) were determined along with the glycogen contents (5) of the liver, the muscle, and the skin.
RESULTS
E$ect of ADH on Na transport. The time course of changes in SCC before, during, and after exposure to ADH is depicted in Fig. 1 . In general, the pattern of changes in SCC by ADH may be divided into the following two categories. The first is characterized by a sustained marked increase in SCC during the period of exposure to ADH and was seen during the cold seasons, October through March (Fig. 1 A) . On the other hand, the second pattern is characterized by a transient slight rise in SCC followed by a reduction to or even below the pre-ADH value and was seen during the warm seasons, April through September (Fig. 1B) . Thus during the cold seasons the ADH-induced increment in SCC at 60 min (AWL&) was greater than that at 20 min (ASCC& whereas during the warm seasons ASCC& was clearly greater than ASCCGO (Fig. 2) . On the average, the maximal increment in SCC by ADH amounted to 50-90 ,ua in the cold seasons and only 1 O-20 pa in the warm seasons (Fig. 2) .
Tissue glycogen. The glycogen levels of the liver and the muscle tissue are shown in Fig. 3 . In general, the glycogen content of the liver was somewhat greater in males than in females, whereas in muscle the opposite was found.
Although there were certain individual variations, the glycogen contents of these two tissues were markedly greater during the cold seasons than during the warm seasons. For instance, the average liver glycogen content was in the order of 7,000 mg/lOO g tissue in the cold seasons but it decreased to virtually nothing in the warm seasons. Although an attempt was also made to determine the glycogen content of the skin, it was too low to be detected.
Blood gluGose and plasma free f&y acid. There were marked monthly variations in the values of blood glucose and plasma free fatty acid (Fig. 4) . Although there was no clear seasonal change in the level of blood glucose, the value of plasma free fatty acid tended to reach a peak in October. Effect of substrates on ADH action. In view of a close correlation between the magnitude of ADH action on SCC and the tissue glycogen content, the effects of various substrates in supporting the ADH action were investigated in the summer and the winter ( Table  1) . The skin was first allowed to equilibrate with Ringer solution in both chambers (period I) and then ADH (250 mu/ml) was introduced to the inside bathing solution for a period of 60 min (period II) following which ADH was removed from the inside bathing solution and the skin was allowed to recover (period III). A substrate was then added to the inside bathing solution at a concentration of 10 mM. When the SCC reached a new steady state in presence of a substrate (period IV), ADH was again introduced to the inside bathing solution for a period of 60 min (period V). The substrates used in this series include glucose, pyruvate, acetate, P-hydroxybutyrate, a-ketoglutarate, succinate, and citrate. The pH of Ringer solution containing a substrate was adjusted to 7.5-7.8.
As in the earlier series, the summer frog skins were refractory to ADH. Although the SCC increased significantly in presence of glucose, pyruvate, acetate, or P-hydroxybutyra te, the effect of ADH was demonstrated only in presence of pyruvate or P-hydroxybutyrate.
On the other hand, the winter frogs responded to ADH similarly both in presence and in absence of substrates, while the addition of a substrate alone had no effect on the level of SCC.
DECUSSION
The present investigation revealed a rather characteristic seasonal variation of the ADH action on Na transport across frog skin (see Figs. 1 and 2 ing seasonal changes in the glycogen contents of the liver and the muscle (see Fig. 3 ). Since the seasonal changes in the liver and the muscle glycogen contents were parallel to each other, it is likely that the glycogen content of frog skin also varies with the season in a lmanner similar to that of the liver. In order to ascertain further the above speculation, histochemical staining of the summer and winter frog skins for glycogen was performed by periodic acid-Schiff (PAS) staining (22). As expected, the concentration of PAS-positive substance was much greater in winter frog skin than in the summer frog. These observations strongly suggest that the seasonal changes in the stimulating effect of ADH on Ka transport across frog skin may be primarily determined by the glycogen content of the skin.
It has been repeatedly shown by many investigators that the ADH-induced increase in Na transport across frog skin or toad urinary bladder is accompanied by a corresponding increase in oxygen consumption ( 17, 19, 20) as well as in utilization of substrates such as glycogen ( 19). Furthermore, the stimulating effect of ADH on Ka transport across frog skin or toad bladder has been shown to be considerably reduced under anaerobic condition ( 11, 2 1) or in presence of metabolic inhibitor3 ( 11). Consistent with these fmdings, the present investigation also showed that the summer frog skin, which is ordinarily refractory to ADH, became responsive to this hormone in the presence of pyruvate or P-hydroxybutyrate, whereas the ADH-responsive winter frogs showed no further effect of hormone in the presence of any substrate (see Table 1 ). Although these observations are again in agreement with a concept that the seasonal changes in the ADH action to stimulate Ka transport across frog skin are perhaps primarily attributable to corresponding changes in the substrate availability of the skin, it is of interest to note in this connection a high degree of substrate specificity on the level of SCC across frog skin in absence and presence of ADH. Regardless of the season, the intermediates of TCA cycle were without effect in all experiments.
On the other hand, glucose, pyruvate, acetate, and P-hydroxybutyrate were effective in raising the level of SCC in absence of ADH in the summer frogs but not in the winter frogs (see Table  1 ). 1Maffly and Edelman (23) also showed in urinary bladder of the toad that glucose and pyruvate increased the SCC while TCA cycle intermediates such as a-ketoglutarate, succinate, fumarate, and malate had no effect on the SCC. On the other hand, acetate has been shown to support Ka transport across frog skin (3 1 ), whereas it has no effect in the toad bladder (23)-Despite such an increase in SCC across the summer frog skin in presence of certain substrates, the ADH-induced increase in SCC was observed only when the medium was fortified with pyruvate or P-hydroxybutyrate.
Moreover, the effect of ADH in the winter frogs was not further augmented by fortifying the medium with any substrate (see Table  1 ). Similarly, pyruvate has also been shown to support the action of aldosterone in the toad bladder only when endogenous substrate had been depleted (28). Despite these qualitative similarities between ADH and aldosterone in their dependence on certain metabolic substrates, Fanestil et al, (7) reported lately that in substrate-depleted toad bladders aldosterone had no effect on Ka transport, but ADH produced the usual rise. On the other hand, the SCC across frog skin was shown to remain unchanged before and after the addition of ADH under anaerobic conditions (2 1). Moreover, monoiodoacetate or Auoroacetate has also been shown to reduce the magnitude of ADH-induced in-crease in SCC in the toad bladder (I I). These findings seem to indicate that the metabolic requirement of ADH is perhaps considerably less than that of aldosterone. The dramatic seasonal changes in the energy store of the tissue as observed in the present investigation are in accord with the work of many previous investigators (2, 10, 16, 24, 29) . Evidently, the frogs store a sufficient amount of energy before hibernation that it is maintained throughout the entire period of hibernation. Once the hibernation is over, however, the frogs consume just about all of the energy store rather quickly, after which the energy for daily activity seems to be
